Chatter vibration must be avoided to ensure the cutting accuracy in milling. Several studies have proposed analytical prediction methods for chatter stability based on a frequency-domain milling model and a modal analysis. However, the prediction accuracy is difficult to enhance because the modal parameters vary according to the spindle rotation and heat generation. In addition, necessity of special measurement devices for the modal analysis leads to high cost and complicated operations overwhelming the operator. In this paper, we propose a novel analytical method for identifying stable spindle rotations against chatter vibration in milling, which only requires once milling test without any measurement devices. Chatter frequency gradually gets larger with higher spindle rotation and drastically shifts at the stable spindle rotation, at which the locally largest depth of cut can be applied. Based on this characteristic of chatter frequency, the stable spindle rotations can be captured only from the servo information by decreasing spindle rotation continuously and observing frequency shifts with disturbance observer in the spindle control system. The disturbance observer is a technique to estimate the load torque only from the servo information, which is utilizable to monitor a fluctuation in cutting torque due to chatter. By applying time-frequency analysis to the estimated cutting torque, the drastic shift of chatter frequency can be captured. The experimental results show that the chatter frequency shift can be clearly captured at stable spindle rotations by applying a time-frequency domain analysis on the estimated disturbance torque.

